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157] ABSTRACT

A fuel supply system for fuels, among which hydrocar-
bons, such as gasoline, alcohols or other fuel, or a mix-
ture thereof, for combustion engines, provided with a
device to determine the instantaneous state or composi-
tion of the fuel and to emit a signal as a variable for the
control of the dosage device of the air-fuel ratio, com-

- prising an opto-electronic sensor mounted in the fuel to

measure its index of light refraction, and an electronic
circuit connected to the sensor to control the dosage
device in accordance with the determined state or com-
position.

7 Claims, 7 Drawing Figures
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FUEL SUPPLY SYSTEM FOR COMBUSTION
S ENGINES S |

‘This invention relates toa fue] ‘supply system for
fuels, among which hydrocarbons; such as gasoline,
~ alcohols or other fuel, or a mixture thereof, for combus-
tion engines, provided with a device to determine the
instantaneous state or composition of the fuel and to
emit a measuring signal as a variable in order'to control
the dosage device of the air-fuel ratio. Sucha fuel sup-
‘ply system is known from the Dutch patent apphcatlon
No 77,12689. S

- For combustion engines usmg gaso]me or diesel oil as
fuel also fuel mixtures can be applied which ¢onsist of
hydrocarbon of a type, such as gasoline or diesel,.and a
alcohol of a type, such as methanol or ethanol. The
correct operation of such an engine which is provided
with a carburetor or injection device, strongly depends
‘on the precise fuel-air ratio. In case the state or the
composition of the fuel supplied from the fuel tank is
‘unknown, then only an adjustment can.be approxi-
mately attained in which the engine still has a reason-

able performance possibly at the expense of-a high fuel
consumption. By “state” one understands-the fluid or
gaseous state of agregation or combination. thereof of
one or a plurality. of fuels. In order to be able to supply
the optimum fuel-air mixture to the engine, ‘the.dosage
device required for this has to be continuously adjusted
on the basis of a continuous measurement of the state or 3
composition of the fuel.. :
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the aid of the electronic circuit. A temperature detect-
ing element can also be positioned in the supply line of
the fuel mixture and be connected to the electronic
circuit for correcting the measured index of refraction
and therewith the controlling 31gnal of the control of
the dosagc device. B -

It: may be required with certain fuel compositions,

“suich -as 0-50% gasoline and 100-50% -alcohol; to pre-

heat the fuel mixture to about 45° C. in order to avoid
ice formation during evaporation of the mixture in the

‘carburetor. For this purpose the mounted temperature

detecting element and associated electronic circuit are

advantageously used within the frame work of the tem-
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perature control for controlling a valve in the supply

water line of a heat exchanger taken up in the supply
line. The casing of said heat exchanger is taken up in the
circuit of the cooling water of the engine.

~ The invention will further be elucidated, by way. of
example, on the basis of an embodtment with reference

to the drawings, in which:

. FIG. 1 shows a schematic- view of the fuel supply
system of the invention;
.FIG. 2 shows a graph of the output voltage of the

' ;sensor in relation to the fuel composition -at different

25

- The measurement requtred for this purpose is. realtzed |

_in the known system from above mentjoned patent ap-
plication with the aid of a dielectric sensor . which con-
~ tinuously determines the dielectric Propertlcs of the
~ fuel. This dielectric sensor, however, is strongly sensi-
tive to side influences, such as temperature: and flow
velocity. Also this sensor required relatively compli-
cated apparatus and circuits.

This. invention aims to obviate said problems by the
appllcatton of a sensor of an other type, the construction
of which and the required electronic circuit are rela-
tively simple. -

In accordance w1th the mventlon thls is obtamed with
a fuel supply system of the type mentioned in the pream-
ble by an opto-electric sensor, positioned in the fuel, for
measuring its. index of light refraction, and by an elec-
tronic circuit connected to the sensor for controlling
the dosage device in accordance with the detenmned
state or composition. . |

A further object of the mventton is to prowde an

opto-electronic sensor consxstmg of a light source, a

light conductor. being arranged at least partially in
contact with the fuel, and a light receiver, the measure-
ment of the index of light refraction being based on a
limited-angle measurement, and the quantity of llght
taken up by the light receiver at least comprises a vari-
able portion due to non-direct irradiation and depen-
dent on the index of refraction of the fuel mixture. The
light conductor can consrst of a bar of glass, on the ends
of which the light source and llght receiver respectlve]y

are mounted.
As the opto-electrlc sensor in accordance with the

temperatures as parameter
+.FIG. 3 shows the measuring principle of the opto-

'.electromc Sensor;

'FIG. 4 shows a longltudlnal section of the opto-elec-
trontc Sensor; .

- FIGS. 5.1 and 5.2 show a dlagram of the electromc
crrcult and

FIG. 6 shows a graph to elucldate the temperature

| rdependeney of the measured voltages in the circuit for

several fuel mixture compositions:
35 .
.system is supplied by means of a non-lndlcated fuel

. Referring to FIG. 1, the fuel 13 in said fuel supply

- pump via line 1 to a dosage device, such as a carburetor
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mventton is somewhat temperature dependant, an addi-

tional light receiver or photo transistor can be posi-
tioned adjacent the light source to maintain constant the
quantity of light emitted by the light source and to
control accordingly the current of the light source with

65

or injection device. Said line 1 first passes a heat eX-
changer 7, at the end of which the temperature of the
fuel is measured with a temperature detecting element
6. The fuel then is conducted past the opto-electromc

sensor 2 and subsequently is supplied outside the system

to the carburetor or injection device. The opto-elec-
tronic sensor determines the percentage: of alcohol such
as methanol or ‘ethanol, in the fuel mixture or deter-
mines the state of agregation of the fuel and emits an
output signal via the lead 10 to the electronic circuit 3.
The output signal of this circuit controls a servo-motor
5, having a position feedback, which motor for example
via a bowden cable 15 controls the adjustment of the jet
needles in the carburetor. The whole system may be
1mplemented as a so called “retrofit”.

The possibly requlred pre-heating of the fuel mixture

1in the heat exchanger is realized by means of the cooling
water from the cooling circuit of the engine, the tem-

perature of which during driving may amount to a max-

‘imum of 90° C. The heat exchanger consists of a cylin-

dric casing in which a plpe having a length of 1 25 meter

is folded, which casing is connected to the circuit of the
‘cooling water by means of a supply valve 8. The elec-
tronic circuit controls the position of the supply valve 8

in reaction to the srgnal emitted by the temperature

Tdetectmg element 6 via the lead 11.

Referring to FIG. 2, the output voltage of the sensor
by way of example is indicated as a function of the
composition super gasoline-ethanol having as parameter
the temperature 15°, 20°, 25°, 30°, The output voltage
indicated along the ordmate has a dtrect relatlon to the
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measured index of refraction of the mixture. The ex-
treme values of the index of refraction of the blend
super gasoline-ethanol are n=1,43 for 100% super gas-
oline; n=1,36 for 100% ethanol; and n—l 33 for. 100%
methanol. . !

The measuring pnne:ple of the Opto-electronlc Sensor
is generally indicated in FIG. 3. A light conductor, a
light source such as an infrared light emitting diode, and
a photo transistor are designated as reference numbers
20, 1.1 and F2 respectively. The index of refraction is
measured with a so called critical-angle .measurement,
whereby a bar of glass may advantageously be used fbr
the light conductor. The light source is mounted at one
side by means of'a suitable adhesive, and an associated
light receiver, such as a photo transistor, is similarly
mounted at the other side. The ends of said bar are
contained in air, while the portion therebetween is:in
contact with or is washed by the fuel mixture to be
watched. A bar of glass is selected as light conductor as
it has been proved that a plastic ‘conductor (acryl) is

10

20

corroded by the corrosive fuel mixture, and is more

sensitive than glass to scale due to the surface being‘less

smooth. Said bar form is not specifically required and

curved conductors, such as glass ﬁbers can be used as
well. R |

The light rays in the glass are conveyed to the hght
receiver either directly or after refraction, or they-get
lost by going out to the surrounding medium of the fuel.
The quantity of light received in the light receiver con-

and direct transmission from source to receiver and of a

variable portion résulting from non-direct irradiation of

light which after refraction is brought back in the glass.
- InFIG. 3t is indicated as'to how the path of the light
rays from the light source can run. The index of refrac-
tion 1 of glass is about 1,52 (normal glass) and the index
of refraction 2 of the surroundlng fuel mixture, consist-
ing of super gasolme and ethanol, is between about 1,36
and 1,43. According to the law of Snellius the angle ¢,
whereby the light falling upon a boundary plane of two
media and still wholly being reflected, which means in
this case staying within the bar of glass, i 1S gwen by sin
(90° —d)=mn2/71. |

For 100% ethanol (E) ¢ becomes ¢=27° in accor-
dance with sin (90°—¢)=1,36/1,52=0,89. All light
rays having a ¢>27° are lost for the photo detector.

For 100% super gasoline (SB) ¢ becomes ¢=20° in
accordance with sin (90°—¢)=1,43/1,52=0,94. All
light rays having a ¢>20“ are lost for the photo detec-
tor.

In an example embodlment of the glass bar having a
diameter of 5 mm and 7 = 1,32, said light source radi-
ates the light in with an opening angle @ of maximum

38°. This aperture is calculated from the formula sin
9--\/-1,12 122. The desired @ -reglon is covered in each
case.

' Assuming that the light source has a uniform distribu-
tion of intensity over the aperture of 38° and having a
fuel mixture of SB (0-100%)-E (100-0%), now 20/38
part of the quantity of light within the glass tube is
conveyed and forms a steady background for the photn
“transistor independent of 7 -alterations of the fuel mix-
ture, and 7/38 part of the irradiated intensity is direct
dependant upon the fuel mixture for reflection. The
remainder of the irradiated light gets lost by direct
transmission to the fuel mixture. This i 1S 1rrespective of
the given 7 -values.
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30
sists of a fixed portion resulting from direct irradiation =

4

The maximum deviation, to be expected in the given
conditions, with respect to the steady background. (in-
tensity) at the location of the: photo transistor conse-
quently is 7/20X 100% =35% apart from the losses in

the glass bar per se;- This deviation is well-observable
with relatively s1mple means. . | :

In order to safely guarantee the stablllty of the mea-
surement of the state or composition of the fuel a num-:

‘ber of measures can be applied to compensate for the-

influence .of the temperature, namely: . ,
1. The quantity of light irradiated by the llght source

‘L1 in.the glass bar is guarded by means of a second
photo transistor F1 positioned at the side of the
LED-light source.”The intensity of the light from
-~ the light source is temperature dependant in accor-
- . .dance with the normal diode equation. As the de-
- sired temperature range is about 60° one has to take
- care that-the intensity of the light after being ad-
. justed to a certain value is maintained. This is real-
ized:with the photo-transistor F1 which adjusts the
- current of the light source with the aid of a eontrol-
~ ling loop in the ‘€lectronic circuit. - - | o
- 2.-A thermal metallic lead (litze wire or via the hous-
©  ing) between both photo’ transistors is used ‘to
safely guarantee the thermal equallty
3. The'temperature of the fuel is measured for cor-
- - !recting the measured indéx of refraction which is
| temperature dependant. This correction ' is pro-
v1ded in the electronic circuit, - :
In FIG. 4 a longitudinal section is given of the opto-

~_electrbnlc.‘. sensor 2. The conduit of the fuel 13 is desig-
nated as'1,’which fuel at’least partially washes the glass

bar 20 in thé space 22. The light source L1 and ‘the
photo transistor ‘F2-are pesmoned on the one and the
other side ‘respectively of the glass bar, the control
photo transistor F1 being mounted ‘adjacent the light
source L1. The housing of the sensor is demgnated as 23,
through which heusmg a connection bolt 21 is inserted
which can provice for the thermal equality- of both
photo transistors and -also can serve for leadlng 1n the
connection wires of the photo transistor F2. -

It can also be of importance to determine’the mutual
proportion in ethanol-methanol mixtures for example

and to adapt aceordmgly the carburetor or the 1n_|ec~

tion.

There is an increasing tendency to use LPC(llqueﬁed
petroleum gases) or prupane/butane as engine fuel. For
this purpose said LPG, which is contained in liquid
form in the tank, is evaporated via a ‘heat exchanger
with cooling water, and is carbureted as support gas.
The disadvantage of this carbureting-of support gas is

that this gas‘thereby is ‘quite voluminous and therefore

causes loss of power. This disadvantage could be obvi-
ated if it was carbureted as a liquid. ‘The couhng effect
of liquid LPG on the inlet air mereover has a faverable
influence on the efﬁc.leney B

A fuel like LPG is contained in the tank in a vapour—
liquid balance. In'case a pressure decrease and tempera-
ture changes occur during passage through conduits or
controlling apparatus, formation of vapour “bubbles
occur. The fuel in the conduits or controlling apparatus
then is contained in two states of agregation: vapour

‘and liquid. The sensor 1S capable to detect this ‘and

causes the carburetor or 1n_]ect10n systern to adapt itself

thereto. Without such an adaptation the carbureting or

injection would be disregulated by the far less fuel eon-
tents of the vapour bubbles
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The drawing of the electronic circuit is indicated in
FIGS. 5.1 and 5.2, which circuit consists of simple com-
ponents. The temperature measuring bridge comprising
the temperature detecting element 6 and the amplifier
IC 1.1 1s indicated in the left portion of FIG..5.1.

The photo transistor F1 inserted for correction pur-
poses controls the diode current of the light source L1
via the amplifier IC 1.2 and the transistor Q1. The signal
outputted by the photo transistor F2 is supplied to the
one input of the amphﬁer IC 1.4, to the other input of .
which the measurlng signal of the temperature pick-up
6 is supplied via the amplifier IC 1.1 so as to correct the
temperature dependency. The adjustment of this ampli-
fier is such that based upon the measuring value at a
certain temperature and a reference fuel, for example
100% ethanol, the influence of the temperature is lim-
ited to 5% of the final value. |

In FIG. 6 an example is given of the temperature
dependancy of the measured voltage for some fuel com-
positions, namely graph 41 for 100% ethanol, graph 42
for 50% ethanol and 50% normal gasoline, graph 43 for
25% ethanol and 75% normal gasoline, graph 41 for
100% normal gasoline. These graphs after temperature
correction extend stralght within a tolerance from 3 to

71%. |
The measuring sagnal in FIG. 5.1 then 1s summed
with a reference voltage froma fixed voltage devider
and is supplied to the one input of the succeeding ampli-
fier IC 1.3. The temperature signal from the tempera-

ture detecting element 6 1s supplied to the other input of

said amplifier. The signal from the amplifier IC 1.3 is
supplied via a power transistor Q3 and QS5 to the pro-
portional valve control 8 of the water COIIdlllt 9 of the
heat exchanger 7.

The fuel from a fuel composmen of 100% ethanol can
be heated to 45° C. and the fuel from a fuel composition
of 100% gasoline can be preheated to 10° C. Mixtures
there between are proportionally regulated between 10°
and 45° C. in dependence of the measuring value.

The signal from the output of the amplifier IC 1.4 is
also supplied to the electric circuit, indicated in FIG.
5.2, to control the servo-motor M1. This motor may be
a step motor having a delay means, which via a bowd-
en-cable mechanism operates the jet adjustment (normal
and steady). The measuring value signal is supplied via
a left-right control circuit IC 2.2/3 to the control circuit
IC 4 of the step motor. The position of the motor axis 1s
reported back with the aid of a coupled linear potenti-
ometer P1 to the amplifier IC 2.1. A voltage stabiliza-
tion circuit 1s deSignated as IC 3. The supply voltage for
the electronic circuit is derived from the accumulator of
the related motor vehicle.

The length of the glass bar preferably should be 5 cm
or somewhat more. The diameter of the glass bar is
selected such that an optimum coupling with the light
source and photo transistors is obtained. Advanta-
geously a diameter of 5 mm is selected. In order to
obtain reproduceable properties of the sensor one has to

d
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6

It 1s also possible to mount both light source and light
receiver at one side, through which the opto-electronic
sensor can be introduced as an insertion unit in a fuel
conduit. The other end of the light conductor then has
to be made reﬂectmg by means of a mirror.

The sensor can- also be used in liquid mixtures or

blends which adhere to the glass bar, such as for exam-

ple diesel o1l blended with another fuel. The adhesion of
said oil to the bar causes a false’ measurement of the
mixture composition. In order to strongly reduce or
obviate said adhesion, advantageously use is made of a

thin coating for example of a plastic (PTFE) or a metal,

- which is transparent for the applied type of light. The

15
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mount the elements rectangular to the surfaces by 60

means for example of an epoxy adhesive. The most
suitable glass appears to be boron-silicate glass havlng
an index of n=1,49 ... 1,52. |

The reproduceability of the measurement of the index
of refraction at one and the same temperature while
using the same sensor is better than 5%. The electronic
circuit is capable to operate within a large range of
temperatures. |

65

optical properties of said thin layer have to be such that
the operation of the sensor is not essentially affected.

The measuring range of the sensor can be altered by
an other election of the material of the glass bar, and
also by the selection of another wave length of the light
SOurce.

I claim:

1. A device for controlling the air-fuel ratio in a fuel
supply system for combustion engines, comprising: 1

an opto-electronic sensor for measuring the index of

light refraction of the fuel, said opto-electronic
~ sensor including a light source, a light conductor
positioned at least partially in contact with the fuel,
and a light receiver, whereby the measurement of
the index of light refraction is based on a critical- |
- angle measurement, and the quantity of light taken
‘up by the light receiver at least comprises a vari-
able portion resulting from non-direct irradiation .
and dependent on the index of refraction of the
fuel,; -
an electrome circuit responswe to said opto-elec-
tronic sensor for generating a control signal in
accordance with the state of aggregation or com-
position of said fuel; and |
a temperature detecting element positioned in the fuel
supply conduit and connected to said electronic
circuit for correcting the measured index of refrac-
tion and thereby the control signal in accordance
with temperature changes in the supplied fuel.

2. A device as in claim 1 further comprising an addi-
tional light receiver mounted adjacent said light source
for regulating the quantity of light emitted thereby and
including means for adjusting the current of the light
source for compensating for the temperature depen-
dency of said opto-electronic sensor.

3. A device as set forth in claim 1 further comprising
a heat exchanger positioned in the fuel supply conduit
upstream from said temperature detecting element, said
heat exchanger including a casing forming part of the
cooling water circuit of the engine for pre-heating the
fuel and being controlled by the electronic circuit.

4. A device according to claim 3, wherein said light
conductor consists of a bar of glass, on each end of
which the light source and the light receiver, respec-
tively, are mounted.

5. A device for controlling the air-fuel ratio in a fuel
supply system for combustion engines, comprising:

an opto-electronic sensor for measuring the index of

light refraction of the fuel, said opto-electronic
sensor including a light source, a light conductor
positioned at least partially in contact with the fuel,
and a light receiver, whereby the measurement of
the index of light refraction is based on a critical-
angle measurement, and the quantity of light taken
up by the light receiver at least comprises a vari-
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able portion resulting from non-direct irradiation
and dependent on the index of refraction of the
fuel;
an electronic circuit responsive to said opto-elec-
tronic sensor for generating a control signal in
accordance with the composition or aggregation of
. said fuel; . |
an additional light receiver mounted adjacent said
light source for regulating the quantity of light ¢,
emitted thereby and including means for adjusting

the current of the light source for compensating for
the temperature dependency of said opto-elec-

tronic sensor; and |

S
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8

a heat exchanger positioned in the fuel supply conduit
and including a casing forming part of the cooling
water circuit of the engine for pre-heating the fuel
and being controlled by the electronic circuit.

6. A device as set forth in claim § further comprising

a temperature detecting element positioned in the fuel
supply conduit and connected to said electronic circuit
for correcting the measured index of refraction in ac-
cordance with temperature changes in the supplied fuel.
1. A device as set forth in claim 6 wherein said light

conductor is a bar of glass on the ends of which said

light source and said light receiver are respectively

mounted. - -
& &% & &
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